The objective of the present study was to investigate the association between N-terminal-pro-brain natriuretic peptide (NT-proBNP) quartiles and the risk of left ventricular hypertrophy (LVH), as well as to assess the association between NT-proBNP and hallmarks of LVH in heart failure (HF)-negative patients. Logistic regression analysis was used to analyze four groups of participants, who were stratified according to NT-proBNP quartiles, in order to investigate the association between NT-proBNP and the risk of LVH. Subsequently, analyses involving uni-and multivariate linear regression were performed to evaluate the associations of NT-proBNP with LV mass (LVM), LVM index (LVMI) and relative wall thickness (RWT). The results indicated that the occurrence of LVH was progressively enhanced along with increasing NT-proBNP quartiles in patients without HF. The univariate logistic regression analysis revealed that the groups of quartiles 4 and 3 carried a 5.254 and 1.757 times greater risk of LVH than the group of the lowest NT-proBNP quartile, respectively. Furthermore, the multivariate logistic regression analysis indicated that, compared with the quartile 1 group, participants in quartiles 2-4 had a significantly increased risk of LVH. In addition, significant positive linear associations of Lg(NT-proBNP) with LVM and LVMI were determined, while a inverse association between Lg(NT-proBNP) and RWT was indicated. The results of the present study suggested that the risk of LVH increased progressively with increasing NT-proBNP quartiles. On the basis of these results, NT-proBNP may be an effective independent prognostic marker for the risk of LVH in patients without HF.
Introduction
Plasma concentrations of cardiac-derived natriuretic peptides, specifically N-terminal pro-brain natriuretic peptide (NT-proBNP) and brain natriuretic peptide (BNP), have been firmly associated with cardiac function (1, 2) . The increased release of those natriuretic peptides by cardiac myocytes into the bloodstream may be the result of increased ventricular wall stress, hypertrophy or volume overload. Therefore, measurement of the increased serum levels of these markers may have the potential to facilitate the accuracy of diagnosis and prognosis for patients with heart failure (HF), thereby improving the effectiveness of treatment strategies (3) . Thus, these peptides are recognized as diagnostically and prognostically meaningful biomarkers for patients with HF (4) .
Previous studies have also suggested that NT-proBNP may be an effective biomarker to diagnose left ventricular hypertrophy (LVH). To date, numerous studies have aimed to determine the associations of various natriuretic peptide levels with the risk of LVH in cardiovascular disease (5, 6) . Most studies have focused on the association between natriuretic peptides and the diagnostic indices measured by echocardiography, particularly left ventricular diastolic dysfunction and left ventricular mass (LVM) index (LVMI) (7) (8) (9) .
While the prognostic significance of the NT-proBNP regarding the risk of LVH has been evaluated in multiple research studies, the association of NT-proBNP quartiles with the risk of LVH in HF-negative patients remains to be explored. In addition, the association between the serum levels of NT-proBNP with measures of LVH, including LVMI, LVM and relative wall thickness (RWT), has been insufficiently investigated or reported. Therefore, the purpose of the present study was to determine how NT-proBNP levels, assessed in different quartiles, may affect the occurrence of LVH and to investigate the association between NT-proBNP and measures of LVH, including LVM, LVMI and RWT, in HF-negative patients.
Patients and methods
Patients. As the present study was a retrospective observational study, the requirement for patient consent and specifically ethical approval was waived. Medical records of 774 patients who received standard treatment at the Department of Cardiology of Tianjin Medical University General Hospital (Tianjin, China) between June 2015 and September 2015 were reviewed. The following exclusion criteria were then applied to the sample pool: i) Lack of critical clinical data; ii) serious primary conditions, including liver and renal failure, iii) other critical illnesses. The criteria for HF-negative status were established as the absence of any symptom that may contribute to the diagnosis of acute HF (AHF) or chronic HF (CHF). In terms of AHF, the diagnosis was confirmed on the basis of chest X-ray, which indicated cardiac congestion, as well as echocardiography revealing cardiac dysfunction and abnormally upregulated cardiac markers (10) . In terms of CHF, in addition to the features of cardiac dysfunction, particularly echocardiography suggesting systolic or diastolic dysfunctions, the confirmative symptoms also included certain other somatic abnormalities, including swollen ankle, respiratory arrest and fatigue in a stationary body position or along with movements (10) . Taking all of the above standards into account, 622 patients (age range, 16-89 years; mean age, 61.5±13 years; 366 males and 296 females) were finally included in the present study.
Assays for biochemical indices and NT-proBNP. The biochemical indices and NT-proBNP were available from the patients' medical records. The relevant detection methods are described below. Directly after fasting for 10 h, early in the morning, venipuncture of the antecubital vein was performed to collect a blood sample. All of the patient samples were delivered to the professional diagnostic laboratory for blood tests, including triglycerides (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), uric acid (UA), alanine aminotransferase (ALT), fasting plasma glucose (FPG) and serum creatinine (Scr). Serum NT-proBNP levels were measured with an available immunoassay analyzer (Elecsys 2010; Roche Diagnostics). The quality control and quality assurance were in accordance with a standardized protocol and all the relevant parameters passed the professional assessments by the Clinical Laboratory of Tianjin Medical University General Hospital. The Clinical Laboratory of Tianjin Medical University General Hospital supplied the normal reference values.
Echocardiography. A cardiology professional consistently performed all transthoracic echocardiography measurements.
Using M-mode echocardiography, the cardiac indices were measured following standardized procedures from the American Society of Echocardiography, including ventricular internal dimension in end-diastole (LVIDd), interventricular septum thickness (IVST) in end-diastole and posterior wall thickness (PWT) in end-diastole (11) . Based on the measurements of the above indices, the LVM was calculated depending on the Devereux formula: LVM (g)=1.04x[(LVIDd+IVST+PWT) 3 -LV IDd 3 ]-13.6 g. The calculation of LVMI was in accordance with the following formula: LVMI (g/m 2 )=LVM/body surface area, while LVH was accordingly defined as LVMI ≥125 g/m 2 in males and ≥120 g/m 2 in females (12) . The calculation of the relative wall thickness (RWT) was as follows: RWT=2xPWT/LVIDd (11) . The RWT partition value was set at 0.45 (13) . All subjects were stratified into four groups depending on LV characteristics: Normal LV geometry (normal LVMI and RWT), concentric LV remodeling (normal LVMI and increased RWT), eccentric LVH (increased LVMI and normal RWT) or concentric LVH (increased LVMI and RWT) (14) .
Statistical analysis. Statistical analyses were performed with SPSS 17.0 software (SPSS, Inc.). Continuous variables are presented as the mean ± standard deviation or as the median with interquartile range for those variables with a skewed distribution (assessed by Kolmogorov-Smirnov test), while categorical variables are presented as numbers and percentages. Differences between groups were analyzed using an independent-samples t-test, as well as a non-parametric test (Mann-Whitney U test) for sets of measurement data or the χ 2 test for sets of categorical data. To normalize the concentration distribution, the logarithmic values of serum NT-proBNP levels were calculated. Accordingly, the association between Log(NT-proBNP) and LVM, LVMI and RWT were analyzed using multivariate linear regression. For influencing factors, including age, sex, hypertension, percutaneous coronary intervention (PCI), diabetes, smoking, heart rate (HR), body mass index (BMI), systolic blood pressure (SBP), diastolic blood pressure (DBP), Scr, TC, TG, HDL-C, LDL-C, FPG, ALT and UA, corresponding adjustments were made. Using logistic regression analysis, the association between NT-proBNP quartiles and the risk of LVH was interpreted. Risk ratios (RRs) were presented with 95% CIs. All of the statistical comparisons were two-tailed and P<0.05 was considered to indicate statistical significance.
Results
The occurrence of LVH increases progressively along with individual NT-proBNP quartiles in HF-negative patients without HF. To confirm the prognostic significance of NT-proBNP levels regarding the prevalence of LVH in patients without HF, they were stratified into groups of quartiles based on the NT-proBNP concentration in the present study: Quartile 1 (≤56.67 pg/ml), quartile 2 (56.95-119.50 pg/ml), quartile 3 (119.70-414.00 pg/ml) and quartile 4 (≥415.60 pg/ml). The basic clinical features of the testing groups are listed in Table I . Among the four groups, the following parameters were comparable without any significant variation: Sex, smoking history, previously diagnosed PCI, hypertension and diabetes. Age, HR, FPG, LVIDd, LVM and LVMI were statistically significant among the four groups. The number of patients with LVH in quartiles 1-4 were 44, 58, 64 and 108, respectively. The LVH prevalence rates in NT-proBNP quartiles 1-4 were 28.5, 34.9, 38.8 and 65.5%, respectively, as presented in Fig. 1 . The patients in quartile 4 had an increased LVH occurrence rate in comparison with that in the other quartiles and the LVH risk increased across the individual quartiles with a positive association with the NT-proBNP level. Serum NT-proBNP is positively correlated with LVM and LVMI, while it is inversely correlated with RWT. To substantiate the association between NT-proBNP and LVM, LVMI and RWT, two types of regression analyses were performed. The linear regression results indicated a positive association between Log(NT-proBNP) and LVM (P<0.001; Fig. 3) and Table II . Uni-and multivariate logistic regression models describing the risk for the prevalence rate of LVH in the study subjects. LVMI (P<0.001; Fig. 4 ), while an inverse correlation between Log(NT-proBNP) and RWT was indicated (P<0.05; Fig. 5 ).
Using the multivariate regression model, significant associations between Log(NT-proBNP) and LVM, LVMI and RWT were confirmed after adjustment for age, sex, hypertension, PCI, diabetes, smoking history, HR, BMI, SBP, DBP, Scr, TC, TG, HDL-C, LDL-C, FPG, ALT and UA, as presented in Table III .
Discussion
Accumulating studies suggest that inherent and acquired abnormalities within the natriuretic peptide system may contribute to the occurrence of a series of systemic and cardiac diseases, particularly cardiac hypertrophy (2) . NT-proBNP is a BNP precursor released by ventricular tissues in response to an aggravated ventricular burden, which may induce ventricle remodeling. The preliminary NT-proBNP has a relatively large molecular size, as well as a longer half-life than the active form; therefore, its measurement is comparably convenient and is less likely to be interfered with by acute changes that may markedly affect the levels of other natriuretic peptides (15) .
As the relative stability of NT-proBNP enhances its reliability as a ventricular stress indicator and as a potential prognostic indicator, the serum levels of NT-proBNP were selected as the candidate biomarker to be investigated in the present study. Previous studies have proved that NT-proBNP is an effective marker for LVH diagnosis. For instance, a population study indicated that NT-proBNP levels were elevated in LVH regardless of hypertension diagnosis (6) . NT-proBNP measurements were also proved to be significant to LVH diagnosis for patients in the 1st year after renal transplantation (16) and were correlated with left ventricular dysfunction in dialysis patients (17) . The present study provided an in-depth insight into the risk of LVH predicted by NT-proBNP quartiles and the complex association of NT-proBNP with LVM, LVMI and RWT in HF-negative patients. The results indicated that the prevalence rate of LVH increased progressively across individual NT-proBNP quartiles in patients without HF. The prevalence rate of abnormal LV geometric patterns was highest in the concentric remodeling group in NT-proBNP quartile 1 and in the eccentric LVH group in quartiles 2-4. According to univariate logistic regression, patients in NT-proBNP quartile 4 and quartile 3 had a 5.254-and a 1.757-fold increased LVH risk compared to patients in NT-proBNP quartile 1, respectively. Multivariate logistic regression also indicated that, compared with that of patients in NT-proBNP quartile 1, patients in NT-proBNP quartiles 2-4 had a significantly increased LVH risk. Furthermore, significant positive linear correlations of NT-proBNP with LVM and LVMI were identified, while an inverse correlation of NT-proBNP with RWT was indicated. After adjustments with the consideration of multiple potential interferences, including clinical parameters and predisposing conditions, significant associations between NT-proBNP and LVM, LVMI and RWT were further confirmed.
Numerous clinical studies have reported an association between upregulated natriuretic peptides and abnormally increased blood pressure. For instance, according to a cross-sectional study involving 202 participants with a previous history of dyspnea, the median NT-proBNP level was increased by 60% in hypertension-positive participants in comparison with hypertension-negative participants (18) . A prospective analysis involving 1,801 participants reported that upregulated BNP plasma levels were significantly correlated with an elevated risk of aggravated hypertension occurring four years later for males rather than females (19) . Bower et al (20) reported that participants in the lowest NT-proBNP quartile had a minimum risk of hypertension in comparison with any of the upper quartiles. In detail, the hypertension risks in the order from the lowest to the highest NT-proBNP quartiles were 1.00 at baseline (reference), 1.10 (95% CI: 0.97-1.24), 1.08 (95% CI: 0.95-1.24), and 1.24 (1.08-1.42), respectively. It also indicated that the log-unit increase of NT-proBNP corresponded to an 8% increase of the hypertension risk (95% CI: 1.03-1.13) (20) . In addition, hypertension was generally considered to be the predominant predisposing factor for LVH, which was suggested to be the result of excessive left ventricular afterload. Thus, it may be speculated that individuals with upregulated NT-proBNP were at increased risk of LVH, which may be associated with hypertension.
Accumulating studies suggested that inflammatory reactions may have a critical influence on the pathophysiological mechanisms of LVH (21, 22) . Animal studies also indicated a critical role of inflammatory cytokines in the pathogenesis of LVH. Zhao et al (23) reported that genetic deletion of interleukin (IL)-6 attenuates transverse aortic constriction-induced LVH and LV dysfunction in mice. According to previous research, in a population of asymptomatic patients with high blood pressure, upregulated BNP was correlated with increased levels of inflammatory cytokines, including tumor necrosis factor-α, IL-6 and IL-8 and also associated with increased LVMI and left atrial volume index (24) . Furthermore, according to certain animal studies, BNPs have important roles in the regulation of myocardial fibrosis (25, 26) . Excessive interstitial fibrosis was observed even in patients at the early stage of hypertension with only moderately upregulated LVH (27, 28) . In addition, certain studies have reported that regression of the fibrosis degree resulted in improved LV function (29, 30) . Thus, it may be speculated that the natriuretic peptide levels are clinically significant markers for the preliminary subclinical pathological process involving inflammation, myocardial fibrosis and cardiac remodeling.
In conclusion, the present study examined the association between NT-proBNP and LVH risk and the association between NT-proBNP and LVH hallmarks in patients without HF. Therefore, whether NT-proBNP levels have potential diagnostic, prognostic and epidemiological implications regarding LVH in patients without HF still requires in-depth investigation by further studies. However, the present study had several limitations. First, the study was observational. Furthermore, only patients who were admitted to the cardiology department were enrolled and due to lack of their NT-proBNP data, no healthy subjects were included for reference. More importantly, the sample size was limited and the results of the present study require further verification by studies with an extended scope.
